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In 1981, Dr. Peter Stewart pub­
lished a book titled How to 
Understand Acid–Base: A Quan-
titative Acid–Base Primer for 
Biology and Medicine . Many 
of the concepts described in 
the book were based on the 
principle of electroneutrality 
and were neither new nor rad­
ical; however, his mechanistic 
hypothesis—that physiologic 
acid–base disorders were due to 
changes in strong ion concentra­
tions, total concentration of weak 
bases, and pCO2 tension—was a 
radical return to an old concep­
tual framework that considered 
sodium a base and chloride an 
acid. Stewart’s model did not 
gain much acceptance for years 
but is now increasingly used 
by many clinicians, especially 
anesthesiologists and intensiv­
ists, and some physiologists. The 
proponents of his methodology 
consider Peter Stewart a genius 
who developed a simple and 
elegant model to define acid–
base status and its abnormalities. 
However, many other experts 
denounce the Stewart model 
as an anachronistic and overly 
complicated construct with an 
invalid scientific foundation.
Stewart’s original book has 
been available online for sev­
eral years, and it has now been 
republished in Stewart’s Textbook 
of Acid–Base. In addition, 21 new 
chapters, written by many of the 
world’s most prominent advo­
cates of the Stewart method, fol­
low the original chapters.
The clinical evaluation of 
acid–base status and dissec­
tion of primary, secondary, 
and mixed disorders is a com­
plex undertaking. Much of the 
complexity is due to the open 
and regulated nature of the 
bicarbonate/CO2 buffer sys­
tem. Furthermore, changes in 
bicarbonate concentration and 
pCO2 occur as a result of pri­
mary disorders and as compen­
satory responses. Definition 
of the expected compensatory 
responses adds another layer of 
complexity. Currently, three dis­
tinct methods are used for clini­
cal acid–base evaluation. They 
are usually described as: 
(1) The traditional, or 
‘Boston,’ method
(2) The base­excess, or 
‘Copenhagen,’ method
(3) The physicochemical 
(quantitative strong ion),  
or ‘Stewart,’ method
The majority of nephrologists 
and internists in the United States 
use the traditional approach, 
which is based on measure­
ment of the arterial pH, pCO2, 
and HCO3; calculation of the 
anion gap; and the application 
of series of compensation rules. 
The base­excess method is similar 
but also includes the calculated 
base excess (of whole blood or 
of the extracellular fluid), which 
attempts to define the severity of 
any existing metabolic derange­
ment (base excess is positive with 
metabolic alkalosis and negative 
with metabolic acidosis). The 
physicochemical strong ion, or 
Stewart, approach is based on 
the principle of electroneutrality 
and measurement of three ‘inde­
pendent’ variables: (1) the net 
charge difference between strong 
or ‘fixed’ cations and strong or 
‘fixed’ anions, called the strong 
ion difference (strong or ‘fixed’ 
ions do not change charge—that 
is, do not buffer protons—within 
the physiologic pH range); 
(2) the total concentration of 
weak acids in the blood, such as 
albumin and phosphate (ATOT); 
and (3) the arterial pCO2. Meas­
urement or consideration of the 
HCO3 concentration, which 
Stewart considered a dependent 
variable, is eschewed.
Although the mechanistic 
foundation of Stewart’s model 
is clearly different from those 
of the other two methods, all 
three models can be shown to be 
mathematically similar, or even 
identical. The relative advan­
tages and disadvantages of each 
method of analysis are largely 
colored by the perspective and 
biases of the proponents or 
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critics of that method. In general, 
all three methods, used compe­
tently, will generate the ‘right’ 
clinical answer. One exception is 
a unique form of metabolic alka­
losis due to hypoalbuminemia or 
metabolic acidosis due to hyper­
albuminemia, defined only by the 
Stewart model. Whether these 
forms of metabolic derange­
ments truly occur is still a mat­
ter of debate.
It is clear that the debate sparked 
by the advocates of each method 
has caused everyone interested 
in acid–base physiology to 
think more deeply about these 
issues. Furthermore, every phy­
sician, student, or scientist with 
a major interest in acid–base 
disorders must acquire a work­
ing understanding of all three 
methods. Otherwise they will 
not understand many acid–base 
publications, nor will they be able 
to communicate with colleagues 
who prefer to use an alternative 
method.
With this background, I am 
pleased that the proponents of 
the Stewart method of acid–base 
analysis have republished his 
original textbook with the addi­
tional chapters. The new chapters 
focus on the normal range for 
strong ion difference, base excess, 
and non­volatile weak acids and 
a variety of clinical disorders. 
The metabolic acidoses (hyper­
chloremia, lactic acidosis, renal 
tubular acidosis, renal failure, 
sepsis, volume resuscitation) are 
clearly emphasized. However, 
several important topics are 
noticeably absent. It is strange 
that a textbook of acid–base dis­
ease does not devote any chapters 
to metabolic alkalosis, or to the 
primary respiratory disorders. 
Also, the expected compensa­
tory response to primary disor­
ders is hardly mentioned in this 
book (except for the Goldberg 
nomogram in Stewart’s original 
chapter 9). Also, the book does 
not include an index. Despite the 
editors’ explanation, an index 
would have been helpful.
Finally, I find it unfortunate 
that Dr. D. Story’s afterword 
includes the following statement: 
“The bicarbonate advocates, 
particularly the rules­of­thumb 
crowd, are not necessarily Lord 
Voldemort style forces of dark­
ness. Rather they can be viewed as 
clinical chemistry Neanderthals. 
They are tough and adapted to 
their current environment but 
will ultimately be replaced by 
a scientifically and practically 
superior group: clinical chemis­
try Homo sapiens; those apply­
ing the Stewart approach.” This 
inflammatory and overtly anti­
intellectual approach is certainly 
counterproductive. We should 
be willing to debate and disagree 
about the best approach without 
resorting to name­calling. Fur­
thermore, if Dr. Story chooses 
not to remember any of the “rules 
of thumb,” largely developed by 
the Boston ‘crowd,’ or the graphs 
on which these rules are based, 
he will entirely disregard the 
concept of acid–base compen­
sation. Compensation for each 
primary acid–base disorder is a 
biologic process and cannot be 
predicted with any physicochem­
ical construct. Understanding the 
compensatory response requires 
empiric observation. Proponents 
of all three methods must resort 
to “rules of thumb” or acid–base 
nomograms to characterize 
appropriate compensation for 
any primary acid–base disorder.
